Socio-economic gradients in occurrence of diseases have been reported for many chronic conditions. However, whether the magnitude of socio-economic gradients differs across diseases and the extent to which lifestyle mediates such relationships are not known. Cross-sectional data from The National Monitor on Musculoskeletal System was used. Respondents (> 18 years) completed a questionnaire including gender, education, social status, lifestyle, and physiciandiagnosed diseases. Logistic regressions investigated the relationship between education and the major chronic diseases (musculoskeletal diseases (MSKD), diabetes, cardiovascular (CVD), cancer, mental, respiratory, any disease). Next, analyses were repeated in individuals with potential to have paid work (i.e., those < 65 having paid work, being unemployed, or receiving living allowance (minimum income)). The mediating role of smoking and BMI between education and occurrence of diseases was assessed by testing indirect effects. From 8904 individuals (mean age 54 years, 46% male), 4378 (49%) had at least one disease. Gradients in occurrence of disease by education were present for all diseases except cancer and mental disease, with the strongest gradient in diabetes (OR 2.0 [95%CI 1.4;2.8]). Unemployment and especially living on minimum income were associated with increased odds to have MSKD and mental and respiratory disease, after adjusting for education. Smoking and obesity mediated part of the relationship between education and disease, with obesity playing more pronounced role. Association between deprivation and occurrence of all major chronic diseases is of comparable magnitude, with education having most consistent contribution. Our results support the notion of the generic (i.e., non-disease specific) mechanisms underlying socio-economic gradients in health.
Introduction
Chronic diseases present the largest part of the disease burden in developed countries, leading to loss of health and premature deaths [1] . According to the most recent Burden of Disease report, musculoskeletal diseases (MSKDs) together with cardiovascular (CVD), respiratory and mental diseases, cancer, and diabetes are among the diseases causing the highest health burden in Western countries and this burden has increased over the last decades despite the rapid development of new medical technologies [1] .
Previous studies in a number of MSKDs such as rheumatoid arthritis, gout, osteoarthritis, and systemic lupus erythematosus consistently showed that low socio-economic (SE) status measured by income, education, age, race, ethnical background, or area deprivation was associated with increased occurrence and poorer outcome of disease in many countries [2] [3] [4] [5] [6] [7] [8] . Similar observations have been made for almost all P. Putrik and S. Ramiro are joint first authors.
Electronic supplementary material
The online version of this article (https://doi.org/10.1007/s10067-018-4158-3) contains supplementary material, which is available to authorized users. chronic diseases studied. On that line, some researchers suggest that socio-economic inequities may be generic and independent of the type of disease [9] [10] [11] [12] [13] [14] . However, a direct comparison of the impact of the socio-economic factors on the presence of different chronic diseases is scarce.
Socio-economic factors that identify groups at risk for health inequities are brought together in the PROGRESSplus framework, which is an acronym for Place of Residence, Race/Ethnicity, Occupation, Gender, Religion, Education, Socio-economic status (SES), Social Capital, and Plus for Age, Disability, Sexual Orientation and Literacy [15] [16] [17] [18] . However, the relative importance of various socioeconomic factors in the occurrence of different clinical conditions has not been thoroughly explored. Most studies concentrate on the role of one specific determinant and it remains unclear whether they reinforce each other or have mainly independent impact. Last but not least, it is not only particularly important to uncover which specific socio-economic factors influence disparities, but also to understand which common underlying behaviours, such as lifestyle, might explain their influence.
Insight into the specific socio-economic factors that infer the highest risk for health disparities and into the specific diseases for which patients with low socio-economic status are at risk would be useful, especially as recent evidence shows that the socio-economic gap in health is widening not only between poor and rich countries but also within countries. Such insights would help to integrate actions targeted to halt the increasing health disparities in deprived groups [19] .
The objective of this study was (1) to assess and compare the contribution of the available PROGRESS factors and the occurrence of MSKD, CVD, diabetes, mental and respiratory diseases, and cancer, and (2) if relevant relationships are found, to explore the possible mediating role of BMI and smoking.
Patients and methods

Subjects
Data from The National Monitor on Musculoskeletal System (2010) was used [20] . Information on socio-demographics, lifestyle, and major chronic diseases was collected. The questionnaire was sent to a random sample of 40,000 household addresses, selected from an address registry of a subsidiary undertaking of the Dutch Thomas Nationwide Transport (TNT) post [20, 21] . In each household, the person who was 18 years or older and was first to have next birthday was asked to complete the questionnaire. The study was approved by the Ethical Committee of the Leiden University Medical Centre. Participants provided consent for use of anonymized data for research purposes and no specific consent was necessary for the analyses presented in this manuscript.
Assessments
Participants completed a questionnaire including several PROGRESS factors (age, gender, highest attained educational level (no education or primary education, lower professional education, middle or professional secondary education, secondary general education, and university diploma), social status (paid work, (early) retirement, unemployed, work disabled, receiving state living allowance, housewife/man, or student), ethnic origin (respondent's place of birth and parents' place of birth), and place of residence (4-digit postal code)). The standard definition of Statistics Netherlands was further used to define ethnic origin [22] , i.e., a person was considered to be of non-Western origin if at least one of the parents was born in a non-Western country or continent, i.e., Turkey, Africa, Latin America, or Asia.
The presence of 13 common chronic diseases was inquired, with three possible answer categories (no; yes, but not diagnosed by a physician; yes, and diagnosed by a physician). Only diagnoses made by a physician were considered for the analyses. Ten of the 13 diagnoses of interest were combined, resulting in six groups of chronic diseases as revealed by the Burden of Disease project as most important: MSKD (severe or persistent symptoms in/or around joints (pain, stiffness, and/or swelling)), CVD (hypertension, cerebral haemorrhage, myocardial infarction, other heart diseases, and peripheral vascular disease), diabetes, cancer, mental disorders, and respiratory diseases. The category Bany morbidity^groups subjects with at least one of the conditions of the six groups listed above, or either skin disease, bowel disease, or migraine. Finally, smoking status (never smoked, smoked before, current smoking) and height (cm) and weight (kg) were collected. Body mass index (BMI) was computed and categorized into underweight (BMI < 18.5 kg/m 2 ), normal weight (18.5 < BMI < 25.0), overweight (25.0 < BMI ≤ 30.0), and obese (BMI > 30.0) [23, 24] .
Statistical analysis
To investigate the relationship between the socio-economic determinants with the occurrence of selected chronic diseases (MSKD, diabetes, CVD, cancer, mental disorder, respiratory disease) and the occurrence of any chronic disease, series of logistic regressions with separate models for each outcome (disease) were computed. First, univariable logistic regressions were performed with several available PROGRESS factors (education, age, gender, and origin) and potential confounders (smoking and BMI) as independent variables and the presence of the disease of interest as the dependent variable. Second, those factors that were significant in the univariable models for at least one of the diseases (cutoff p value < 0.10), were entered into the multivariable models (model I). Further, a multivariable multilevel logistic regression model with individuals nested within place of residence was computed to explore possible effects of place of residence. The likelihood ratio test was used to decide whether a two-level model showed significantly better fit compared to a one-level model (cutoff p value < 0.05). Next, the sample was limited to individuals who had potential to have a paid work (i.e., those having paid work, unemployed, or receiving minimum income, and < 65 years old). New statistical models were built using the procedure described above, with social status added among explanatory variables (model II). The two final models (model I and model II) with the presence of each of the six diseases groups of interest and the presence of any morbidity had an identical set of independent variables so that impact of relevant PROGRESS factors with regard to the occurrence of diseases could be compared. Interactions between education, social status, age, and gender were tested, and if significant (a priori defined as p value < 0.05), analyses were repeated in strata.
The mediating role of smoking and BMI in the relationship between level of education and occurrence of the diseases (except mental, for which no plausible hypothesis could be made) was assessed by calculating indirect effects and the proportion of the total effect mediated by the indirect effect using the product of coefficient approach [25] .
As alternative analyses to the logistic regressions, modified Poisson regressions were performed, because in a number of models, the outcome occurred in > 10% of subjects (so-called common outcome) and methodological literature suggests that in this case, odds ratio (OR) is not a good estimate of a prevalence ratio (PR) [26] .
Missing cases on age, gender, education, social status, origin, smoking status, and BMI were imputed using multiple imputation (imputed datasets n = 20). Chained imputations using a regression-based method were used [27] [28] [29] . Predictive mean matching was used for a continuous variable, logistic regression for binary variables, and multinomial logistic regression for a nominal variable. Main analyses were performed on imputed data. To assess robustness of findings, we repeated the statistical models in complete cases (no missing value in any variable) only and compared the results. Stata Statistical Software v12 was used [30] .
Results
Study sample
Total group
In the total group of 8904 individuals (response rate 22.4%), MSKD confirmed by a physician was reported by 1766 (20%) participants, 547 (6%) persons reported diabetes, 1855 (21%) CVD, 270 (3%) cancer, 526 (6%) a mental disorder, 679 (8%) a respiratory disease, and 4378 (49%) had at least one disease. Mean age was 54 (SD 16) years and 46% of participants were men. Thirty-nine percent (n = 3360) had university education (largest group), and 5% had lowest level of educational attainment (n = 420), equivalent to no education or primary education degree only. Ninety-five percent of respondents were of Western origin (n = 8332) ( Table 1) .
Subset of persons < 65 with a potential to have a paid work
In the sample limited to subjects younger than 65 years and potential to have paid work (i.e., having paid work, unemployed, or receiving state living allowance) (n = 5046 (57%)), MSKD confirmed by a physician was reported by 773 (15%) participants, diabetes by 134 (3%) persons, CVD by 549 (11%), cancer by 70 (1%), respiratory disease by 289 (6%) and a mental disorder by 255 (5%). In total, 1946 (39%) had at least one disease. Mean age was 45 (SD 11) years and 45% of the participants were men. Ninety-five percent (n = 4805) had a paid job, 4% (n = 184) were unemployed, and 1% of respondents (n = 57) were receiving minimum income (Table 1) .
PROGRESS factors and prevalence of chronic diseases
Total group
In the multivariable models based on the total group (sample model I), gradients in prevalence of disease by level of educational attainment were present for all diseases except for cancer and mental disease. Educational differences in the prevalence of disease were strongest in diabetes (OR 2.0 [95%CI 1.4;2.8] for a person with primary school education vs university diploma), followed by respiratory diseases, MSKD, and CVD (1. , while there were no gender differences in the occurrence of cancer or CVD. Origin appeared to be a risk factor only for the occurrence of diabetes, as persons of the 1st-generation non-Western origin (one of the parents born in a non-Western country) had 1.8 [1.2;2.9] higher odds to have diabetes compared to those of Western origin. For all other conditions, origin did not play a significant independent role in occurrence of the disease. In the model with any morbidity as an outcome, lower education, older age, female gender, and non-Western origin were risk factors ( Table 2 , Fig. 1  (model I) ).
Subset of persons < 65 with a potential to have a paid work
In the subgroup limited to subjects with potential to have paid work (sample model II), those being unemployed or relying on living allowance were more likely to have a MSKD (1. [3.6;14.4] , respectively) when compared to those who had a paid employment, and those relying on living allowance were also more likely to be diagnosed with a respiratory disease (3.0 [95%CI 1.4;6.2]). In the other diseases, except cancer, the influence of unemployment and reliance on a living allowance went in the same directions but did not reach statistical significance (Table 3 , Fig. 1 (model  II) ). Odds to have any morbidity were also higher in those with adverse social status (Tables 2 and 3, Fig. 1 ). When exploring the relation between education and social status, No education/lowest school vs. university education persons with lower education were also more frequently unemployed or receiving living allowance (data not shown). While education continued to have an independent contribution to the occurrence of MSKD, CVD, and respiratory disease, the effect was attenuated compared to the univariable relation (Table 3, Online Tables 1 and 2) .
The two-level model did not show a better fit compare to one-level structure in models I and II, indicating that place of residence (measure at 4-digit postal code) did not have a relevant contribution. Interactions were not significant or not clinically relevant after stratification. PR estimates (derived modified Poisson regression model) were in the same direction but lower than estimated ORs (Online Tables 3 and 4) . Complete case analyses yielded similar results as those computed after multiple imputations.
Role of smoking and obesity in the relationship between education and occurrence of disease
In the total sample, 5, 5, and 1% of relationship between low education and higher likelihood of occurrence of MSKD, respiratory disease, and diabetes were mediated by smoking 
Discussion
For the majority of conditions studied, gradients in the presence of disease across educational level or social status were observed, where persons with lower education and lower social status tended to more frequently report having the disease. Female gender was associated with higher odds to have any of the diseases studied, expect for diabetes and CVD, which is a pattern previously shown in the literature [31] . Gender differences have essentially a mixed character reflecting the biologic and social differences. On the same line, older age is a classic risk factor for the majority of diseases, as confirmed in our analyses. As an exception, mental diseases were slightly more prevalent in younger adults. While ethnical origin was only a significant risk factor for diabetes, negative findings for other diseases should be interpreted with caution due to very low numbers of non-Western respondents [32] . Unexpectedly, smoking was not a significant risk factor for CVD or diabetes in a model adjusted for BMI. While it is plausible that obesity is a stronger risk factor for both conditions, we cannot exclude potential over adjustment or the fact that individuals quitted smoking after being diagnosed with the disease (while changes in BMI are more difficult to achieve).
As these results were obtained in a country with comprehensive and accessible health insurance coverage, it is unlikely that the effect of socio-economic differences can be attributed to differential access to health care services; however, there is some concern that health promotion and behavioural change interventions do not always reach the lower socioeconomic groups [33] . While in the conventional modelling approach, the observed effect of education and social status remained after adjusting for the major lifestyle factors such as obesity (proxy for unhealthy nutrition and low physical activity), additional analyses showed they also played a mediating role. Smoking and obesity mediated part of the relationship between education and disease occurrence in case of MSKD, respiratory diseases, and diabetes, whereas the pathway to CVD was only mediated by obesity. Within limitations of the mediation analyses in a cross-sectional data, our major observation was that obesity played a more pronounced role compared to smoking. Notwithstanding, additional mechanisms are also known to underlie this relationship, such as genetics, stress, low health literacy, and suboptimal communication with physicians with regard to disease prevention.
When social status and education were added to the models, effect of both became notably weaker due to known clustering of social deprivation factors (i.e., lower educated are more frequently less employed). Of note, in several conditions, namely MSKD and mental and respiratory, social status appeared to have stronger association than education. However, the numbers of unemployed and receiving minimum income were small, and, importantly, causality of association between social status and health can be challenged. While education is likely to be acquired early in life and before chronic diseases develop (an assumption that we could not test empirically in the existing data), social status can be both a cause and consequence morbidities. Cross-sectional design as the absence of data on disease onset hindered further investigation of these patterns.
Differences in morbidity by socio-economic position have been reported previously. Cavelaars et al. have reported in 1998 to comparable gradients in chronic morbidity among men across occupational class in several Western European countries [34] . Study by Dalstra et al. based on health surveys from the 1990s among 3700 to 41,200 subjects per country across eight European countries demonstrated that lower educated individuals tended to more frequently have a cardiovascular, musculoskeletal, and neurological diseases, but not cancer, kidney, or skin diseases [35] . Our study reveals that these gradients remain visible more than two decades later and persist even after adjusting for well-known risk factors such as smoking and obesity indicating that these lifestyles cannot fully explain the existing inequalities. Furthermore, another study has shown that socially disadvantaged persons with chronic diseases report worse physical and mental healthrelated quality of life compared to those with a disease but more favourable socio-economic status [36] . The current study additionally shows that socially disadvantaged persons are also more likely to have a disease, thus emphasizing the double vulnerability of these population groups. Further research should aim at uncovering the specific pathways between socio-economic disadvantage and health (such as issues around broader understanding of health literacy including knowledge around health, empowerment, access to and uptake of health care), which could be potentially addressed in health care but also outside health care sector.
Several limitations should be mentioned. First, generalizability of the findings might be limited due to a low response rate (22.4%). However, such response is common for such surveys that otherwise provide a valuable population level data, and it has been argued that low response is not necessarily an indicator of the poor quality [37, 38] . We additionally compared socio-demographic characteristics of the sample with data from the Statistics Netherlands, and study sample was comparable to the general population, except lower representation of lower educated respondents. It is expected, as surveys are likely to leave out the most disabled, least literate and in other senses deprived groups, which could lead to underestimation of the socio-economic gaps. Second, while self-reported nature of data collected on the diseases may be less accurate, previous research showed good agreement with the data from medical records [39, 40] . Furthermore, respondents were asked to only report the diagnoses confirmed by a doctor, which increases the reliability of the collected data [39, 40] . National Dutch statistics estimates that 48% of the adult population has at least one chronic disease, and this corresponds well with 49% observed in our data [41] . Next, a number of PROGRESS factors were not available in the survey, namely, reliable data on occupation, religion, income, social capital, and sexual orientation and literacy. Hopefully, our study stimulates researchers to include these factors in future observational studies. Last but not least, generalizability of our findings to countries with less socio-economic welfare and less liberal access to health services may not be possible; however, it is plausible to assume that limited access to health and social care would sharpen the differences observed in a more favourable context [42] .
To our knowledge, this is the first study that explored and compared the role of several PROGRESS factors across several diseases in a large, national-level dataset. We have found that effect of socio-economic factors (in particular, education) is largely independent of the disease, emphasizing the presence of generic mechanisms underlying the disadvantage and calling for a non-disease-specific approach in health promotion and disease prevention. Although lifestyle factors played a relevant role in explaining socio-economic differences in occurrence of chronic diseases, they did not explain the entire impact. Other exposures, biological factors, and their interaction should be further explored.
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